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Wind power in cold regions

To De Ice or Not To De Ice

Wind power in cold regions benefits from high winds, high air density due to low temperadure a
often spaciously populated areas [1][2]. The main drawback is due to icing. Icing on wind power
plants are causing power losses [1][2][3][4], increased wear [5] and is a publfc eezdrd [6].

Two options are available for wind power plants in cold region. Accept the performaresdossto
icing or fit the plant with de-icing equipment. The strategy to choose is dependent orantarg; but
some of the more important are the total length of the icing periods at the chosem lacdtthe
amount of performance loss expected due to icing.

In this paper, the power loss due to icing at a wind power plant in Harnésand some 450 km

north of Stockholm, Sweden is reported. At the plant were power output and the amount of ice on tt
plant monitored during the winter of 2008/2009. Approx. 20 periods with icing were recorded and th
performance loss due to icing conditions, wind speed etc. was analysed.

The project was sponsored by HoloOptics, SkellefteaKraft AB, Harnosand Energi
och Miljé AB and Vindforsk.
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Presentation of the wind power plant and the sensors

On a wind power plant in the town of Harndsand approx. 450 km north of Stockholm, two HoloOptic
Icing Rate Sensors was installed. Harndsand sits on the shore of the Baltic Seangrttiewrinter it
is often subject to icing due to southern winds with high humidity content.

Along with the measurements with the two HoloOptics Clear Ice Indicators, tldespeeds and
power outputs from the plant were measufidte wind speed and power output was sampled over ten
minutes periods. The aim was to show the effect of icing on the power output.

The plant is a Vestas 600 kW installed 1997. It is situated at a small hill close davtheft

Harnosand, see figure 1. At the hill is also a popular ski resort with a ski lift. Fiberways several
hundred persons are using the ski slopes and therefore ice throw is a real hazard. Tdhuheer t
operator has developed a sophisticated routine in order to deter men when to shut down the plant.

Figure 1 the plant

The amount of ice was measured with two Icing Rate sensors. One of the sensothouasl@4icing
on the probe and the other was with de-icing on the probe. The sensors are mounted on the wind-
power plant hub, see figure 2.
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Fig 2 Ice Sensors installed on wind power plant

The sensor without de-icing is indicating (T21), as long as more tham 15 ice is present on the
probe. It shows the length of the icing period. The sensor with de-icing is indicating &€h3)ree

the ice is 15um thick. The probe de-icing system is activated as long as ice is indicating. diegde-
system is turned on and off without time delay. This gives a typical pattern as shayunar8fThe
icing rate is calculated from this pattern
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Fig. 3 Example of a period with light icing

Loss of power output due to icing, some results

The loss of power output due to icing is defined as the measured power output in relation to the
expected, nominal, power output during the prevailing conditions.

If, during an icing period, the plant is closed due to high or low winds or due to maintenance the los
are not regarded as due to icing.

In theory the power output of a wind power plant is dependent to the third power of the wind speed.
the wind speed is below a specific minimum value the plant is shut down. At a specifipeda] the
rated wind speed, the plant is delivering its maximum power, the rated power. At \revyiig

speed, maximum wind speed, the plant is shut down.

In reality the relation is more complicated, as shown in figure 4. Apart from the peed she power
output is dependent of air density, variations in wind speed and direction. Often the air terbakenc
an impact on the power output. Air turbulence may vary with wind speed and direction.
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Fig 4. Measured and nominal power of the plant

Furthermore large errors may occur in the readings of the wind speed. Imperfecti@mautomatic
control system are also common.

In this case the wind speed was measured at a mast situated some 400 m from the wipldupower
This may also incurs some errors. This was done, as it is difficult to measunaednspeed at the
plant as it is severely disturbed by the rotor.

The existence of ice on the rotor blades has an impact to.

All these factors contribute to the blurred relation between wind speed and power outputrshown i
figure 4.

The nominal power output is calculated by using wind speed and air density as given by the
manufacturer.

One interesting fact in figure 4 is that the difference between measured popdrama nominal

power output over the period is approx. 6 %. At times with less than 0,5 mm ice on the rotor the
difference is approx. 3 %.
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Test results

To investigate the power output losses, due to icing, every single period with icingoarsttidied. In
the following four of the periods with icing is studied in some details

Figure 5A and 5B shows two such periods.
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Fig 5A one period with light icing Fig 5B one period with heavy icing

Figure 5A shows that at the beginning of the icing period there are no losses. In fashsieat
power output is larger than the nominal. As the ice gets thicker than 1 mm the measposdethe
output is clearly reduced. At 1,5 mm of ice the power loss is approx. 40%, regardless of wthd spe

During the end of the icing period in figure 5A, the wind speed is lower than minimum value. The
closure of the plant is not due to icing.

If the ice thickness is more than 3-4 mm the operator closed the plant, as the operniischagiser
than the value of the energy produced. This is shown in figure 5B.

The reason closure of the plant around 8842 hour in figure 5B is not due to icing.

As the ice is melted the measured power is close to the nominal. This is dieartyis both figure
5A and 5B.

By manual inspection it was deter mend that the plant was covered by rime ice duringibdgh pe
shown in figure 5A and 5B. Rime ice is more rugged than clear ice. Rime ice weliaiteeinduce
more losses than clear ice at the same thickness.

In figure 6A and 6B two other periods with medium and heavy icing are shown. In this casdghe ice
mostly clear ice.
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Fig 6A Medium to heavy icing Fig 6B Light to medium icing

Figure 6A shows a period with medium to heavy icing but the power losses due to icind.i3lsenal
closure of the plant is during most of the time due to the wind speed, which is lower than minimum
value, and not due to icing.

In Figure 6B the power loss is lower than expected. This is explained by the falethkrt is
covered with clear ice.

Summary of the test

The plant in Harndsand was found to have a loss of energy output of approx. 15 % during January |
March 2009, due to icing. Included are times with the plant was shut down due to risk for ice throw.
More than 0,5 mm of ice was noted in approx. 505 hours out of a total of approx. 2 200 hour. Any
icing during the rest of the year is very light and has no impact on the plant.

The loss of electric energy output over one year is estimated to approx. 5 %. Of thdcseg
approx. 35 % is due to the closing down of the plant due to the risk of ice throw.

The electricity energy output is approx. 1 200 MWh per year. Today its value is 45 000 € pehgear. T
losses due to icing is 2 200 €. Over a 15 year period with 5 % interest that is 25 000 €. This is 3-5 9
the total installation cost.

Icing during longer periods or higher value of the electric energy output makes deraneg
interesting.
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Risk for Ice throw

Ice throw is a public health risk associated with wind power in cloud climate. In someetin
subject is due to regulations. In spacey populated areas some warning signs magidre ssiée
figure 7.

Fig 7 Warning sign

According to [6] the area exposited to the risk of ice throw depends on wind speed and thésize of t
plant.

As the tested plant is close to a popular ski resort, security is at highest intpofitreerefore the plant
is shut down during daytimes with fine weather with ice indicated. The total enepyy tmsses are
1,5 % on a yearly basis.

Conclusions

The most important factor in the calculation of losses in the electric energy duéptd icing is how
many hours per year the ice thickness is more than 1 mm or 2-3 mm if the plant is large. It
reasonable to believe that a larger plant (larger rotors) is less settsitireg. This is not confirmed
by this test.

The type of ice and the wind speed during the icing periods is also of important.
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With 500 hours of icing per year de-icing is economical viable if the cost of instaliatiess than 40
000 € per MW rated power. Calculated over 15 years and 35 € per MWh.

If icing is more common or if the value of the electric energy output is higher, thehea hig
installation cost due to the installation of de icing equipment may be accepted.
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